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This fact ensures that the public will realize a net benefit fran sharing. This

is illustrated in charts fran the MSS Majority ~rt, attached as Appendix B.57

CELSAT sul::mits, however, that there are practical limits to such

sharing, particularly in a heavily congested band, which, for the foreseeable

future, ought to be reflected in the Ccmni.ssiqn's HPCS rules. These limits

should include the following:

a. FUll-band interference sharing should be mandated only as to
the space cooq;xJnetlt of the HPCS system; sharing at the
ground-Canpaner1t level should be achieved first, through
negotiation and voluntazy coordination between the parties,
and, only if that fails, by mini-band segmentation by
default.

b. Sharing of the space cextpJneIlt should be limited to two HPCS
systems or, if a second HPCS applicant doesn't cane forward,
to one HPCS and one MSS licensee. 58

c. Entry by the second sharing licensee should be delayed tmtil
an adequate amount of spectrun has been cleared of
incumbents; entry at that time should be further conditioned
on a ccmni.tment to reimburse the primary licensee for a pro
rata share of the cost of clearing the band or any portion
of it.

d. At such time as the second HPCS license is granted, and
unless the sharing licensees agree othel:wi.se, the amount of
spectrun ccmnitted for terrestrial use shall not exceed 5
MHz in each band. If the HPCS licensees cannot negotiate
sane other j oint use or coordinated allocation of the five
MHz for terrestrial use, each licensee shall, by default, be
allocated 2.5 MHz per band for its exclusive use, either in
space or on the grotmd.

CELSAT sutmits that the MSS Majority Report does not do complete
justice to the sharing potential of the full band interference sharing method.
This is because, among other reasons: (1) the applicant s~tems were greatly
mismatched relative to CELSAT's much greater system capaC1.tYi and (2) the other
candidate systems were otherwise not optimally designed for sharin$ -- both
factors thereby bringing down the apparent maxirm.un achievable sharmg benefit.

58 As set out in the proposed rules at Appendix A, the first full service
HPCS licenser would be the "primary" license and would be permitted to (i) use up
to four subbands for ground purposes, (ii) select the ~ound subbands for ground
use from anywhere within the full band. spectrum, and (1.ii) such subband
selections need not be uniform across the whole system. This flexibility will be
needed during the earlier stages to facilitate the placerrent of terrestrial
subbands within the limited "slices" of unused spectrum amon$ the incumbent
services, which "slices" will be found at different frequenc1.es at different
geographic positions across the U.S.

The second HPCS licensee will be expected to coordinate its subband
selections for terrestrial use with the primary HPCS licensee from amon$ those
either not being used by the primary licensee or which it would be requ1.red to
surrender under the default rule.
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CELSAT sutmits that the full HPCS concept is so powerful and so

robust that it ought to be encouraged within the prime band to the maximum

possible extent. Access to the prime 1970-1990 MHz and 2160-2180 MHz bands

therefore, should be limited to full HPCS systems; only in the event a second

HPCS system does not materialize should a canpatible MSS-only systems be licensed

in this band.

a. Sharing of the Space Segment only

Vbi.le CELSAT is proposing that the E:I' Space Band should be limited

to HPCS licensees only, the limited available bandwidth and the difficulty of

coordinating the terrestrial hub 10cati~9 and adaptive reassignment of ground

and SPace subbands among multiple HPCS licensees virtually guarantees that

sharing terrestrial SPectrum in the same band will not work well, if at all.

Therefore, CELSAT is proposing that the two HPCS licensees be permitted to

operate no more than a ccmbined total of 5 MHz (e.g., four 1.25-MHz cnm.
subbands), to be selected fran anywhere within the band on a.SPace cell-by-SPace

cell basis for terrestrial camnmicatians. 60 'I1ris SPectrum could either be

operated jointly per agreement or, failing ag-reement, each licensee would be

permitted to use up to 2.5 MHz exclusively (Le., on a non-shared, band segmented

basis) for hybrid services. The rest of the band would be shared using CI:'MA full

band interference sharing for space-based service.

b. Limit of Two HPCS Space CgtJpanent Sharers

CELSAT was a strong advocate of the MSS Majority Report I s conclusion

that spread SPectrum full band interference sharing is the preferred, optimum

method for sharing satellite bands and for acccmnodating multiple entry. Indeed,

S9 Due to significant so-called near-far problems, it is not feasible
to operate multiple terrestrial cellular systems on a full band sharing basis
unless all system ground hubs are co-located.

The primary HPCS licensee would have to coordinate with the other
sharers of the space cc:mponent as to which subbands were being used
terrestrially, and in what geographic areas.
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as CELSAT so effectively propounded throughout the MSS Negotiated Rulernaking

proceeding, such sharing is abetter, more efficient sharing technique.

However, as the MSS Majority Report azguably also demonstrates, if

too many or an tmlimited munber of parties are pennitted to share a limited

spectrum band, one or more such systems will l~kely cease to be ecananically

viable, even if each is well designed. This suggests that sane limit should be

placed on the number of potential sharers up front and by rule especially where,

as here, there are particularly severe constraints on the available band,

Otherwise, in general no meritorious system should be exposed to failure

urmecessarily -- that is, just for the sake of more multiple entry at the cost

of significantly increased probability of failure.

The particular constraint on the ET SPace Band not present in the

MSS/RDSS band is the heavy congestion fran inClmlbent users. The ama.mt and

position within the band of spectrum available for effective sharing will vary

across the cmmtry by geographic region. This not only aggravates the sharing

coordination. problem, but it s~elYandunderstandably requires a much lower

number of potential sharers than what is being considered feasible, for exarrple,

in the MSS/RDSS band.

Therefore, CELSAT believes that it would be reasonable to limit the

number of HPCS licensees (or canbination of HPCS and MSS-only licensees) in the

ET Space Band by rule to two. All other things being equal, and under the

default sharing criteria developed in the MSS Majority Report and slightly

revised in Appendix B hereto, the capacity of each participant would be reduced

to approximately 60\ relative to its capacity operating alone. 61 But if the two

systems were canparable in tenns of their individual capacity alane, the

aggzega.te capacity under sharing would be 180% of that of any one HPCS operating

alone. SUch a beneficial aggregate capacity would not be attainable in a band

heavily occupied by incumbents under any other method, such as band segmentation.

See, e.g., CELSAT, "Corrments on the Joint Sharing Proposal", f·SSAe,
IWGl-5, January 9,1993.
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APPENDIX A

Allocation and Technical Rules for
Hybrid Personal Cannunications Service

'!be following rules are being ~roposedby CELSAT for a new satellite-based Hybrid
Personal



2. The scope of permissible offerings in the HPCS service allocation is to be
broad and shall include, but is not limited to, any digital one-way or two-way
conrnunications of voice, data, video, audio, ima~e or position determination
information originated or tenninated over a hybr1d personal conrnunications system or
network to or from either a portable, mobile or special purpose fixed terminal or
receiver operated at low J?Ower with unswitched low gain antenna for either point-to
point or point-to-multipo1nt personal, business, commercial or public safety
purposes over land, air and water.

Amend SUbpart. B by adding new Section 25.121 Special Licensing Considerations
In the Hybrid Perscma.l cemm.mications Services.

§25.121 Special Licensing Considerations In the Hybrid Personal Cemnunications Services.

(a) PriJDary and SecondatY HPCS Licensee.. (i) The first HPCS applicant to be granted a
licensee shall be desiptea the ~rimary licensee; the second HPCS and/or MSS-only licensee
shall be a seeoncUuy 1J.censee. (1i) The primary licensee shall be Ji'ermitted to corrmence
full HPCS operation anywhere within the spectrum band on an exclus1ve, non-shared basis
and without limitations until such time as a reasonable amount of the allocated spectrum
has been cleared of incumbent users across at least 80% of the Uni ted States. A secondary
licensee will be permitted to comnence operations once such cleared condition has been
attained, subject to a condition that it enter into an acceptable and reasonable
conpensation arrangement with the primary licensee for the costs of previous and continuing
clearence efforts, or until such time as a mutual band clearing arran!;rement can be agreed
upon. (iii) Primary and secondary licensees shall agree on coordinat1on of up to 1.25 MHz
of common HPCS spectrum in the 1970-1990 MHz (earth-to-space) band for control p~oses.
(iv) Once a secondary licensee corrmences operation the amount of the allocation be1Dg used
at any point in time for terrestrial cornnunications shall not exceed 5 MHz in each band
unless otherwise agreed to by the sharing licensees In no event shall the amount used for
terrestrial purposes exceed 50% of the full allocation.

(b) Band sharing -- Space COllpOnent. (i) The space COllpOnent of an HPCS allocation
consisting of not less than 13.75 MHz in the 1970-1990 MHz band and lS MHz in the 2160-2180
MHz band of the initial HPCS allocation may be shared by either two HPCS licensees, or by
one HPCS licensee and one MSS-only licensee. (ii) Band sharing of the space cOllpOnent
shall be by the full band interference sharing method using CDMA spread spectrum
modulation.

(c) Band Sharing -- Terrestrial COIlpcment. (i) Once both a primary and secondary
licensee are operating in the band the permisible amount of the allocation to be used for
terrestrial Ji'urposes shall be shared equitably, either pursuant to a ne!;rotiated agreement
and/or coordination between the licensees, or by default pursuant to th1s rule. However,
full band interference sharing of the terrestrial cOl1pOnent shall not be required. (ii) In
the event the licensees are unable to reach an equitable solution for sharing the
terrestrial component before the second licensee commences operation in the band, the
following default mechanism shall apply:

(al the amount of spectrum to be used for terrestrial purposes shall be limited to 5
MHz in each band;

(b) using band segmentation techniques, if each licensee is providing HPCS services
each shall receive 2.5 MHz in each band for its exclusive use, whether for space
or terrestrial purposes. If only one is providing HPCS services, the HPCS licensee
shall receive up to 3.75 MHz and the MSS-only licensee 1. 25 MHz for their execlusive
use, respectively.

(c) To the extent that the primary HPCS licensee is using more spectrum for
terrestrial purposes than its permittable default amount, it shall be required to
cutback to its permitted default limit within six months after the second licensee
commenses operation.

ld) Full BPCS and Authorized Ground-Only Operations. (i) Primary and Recondary HPCS
licensees shall each be granted conrnon space/ground licenses under which they may
provide both space- and ground-based HPCS services. However, ground-based services
may be provided either (a) directly, as an HPCS owner, operator and provider to end
users and others, or (b) indirectly, as an HPCS licensee but under blanket
authorizations extended to others to build, own and operate the Ji'hysical ground
facilities and ~rovide the ground-based segment of the HPCS serv1ces to end users
throughout speclfic geographic areas.

(d) Unlicensed Personal/Mobile End Users. HPCS end users of HPCS devices shall not require
separate licensing but shall be covered by blanket authorization under the HPCS license.
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Amend Section 25.114(C) with the following new subsection:

(27) Applications for MSS space-component authorizations in the Hybrid Personal
Communications Services in the 1970-1990 MHz and 2160-2180 MHz bands shall also provide all
information specified in Sec. 25.141.

Modify Section 25.141 of the Camri.ssian I s Rules to read as
follows:

Sec. 25.141. Licensing Provisions For The Hybrid Personal Commmications Services in the
1970-1990 MHz and 2160-2180 MHz Bands.

(a) space station application requirements. Each application for a space station
license ln the Hybrid Personal Communications Services ln the 1970-1990 MHz and/or 2160
2180 MHz bands shall describe in detail the proposed Hybrid Personal Communications Service
satellite and ground system, setting forth all pertinent technical and operational aspects
of the system, including its capability for J?roviding hybrid ~rsonal communications
service on a geograJ?hic basis, and the techrllcal, legal and flnancial qualifications of the
applicant. In part1 cular, each applicant shall include the information specified in
Section 25.114, except that applicants for non-geostationary MSS components of Hybrid
Personal Communications Service systems, in lieu of providing the information concerning
orbital locations requested in Section 25.114 (c) (6), shall specif¥ the number of space
stations that will comprise its system and their orbital configuratlon, including the
number of planes and their inclinations, altitude (s), argmnent (s) of peri;ree, service
arc (s), and right ascension of ascending node (s). !lJ?plicants must also hle information
demonstrating corrpliance with all requirements of thlS section, specifically includin$
information demonstrating that they will not cause harmful interference to any authorlzed
or licensed Mobile Satellite and Hybrid Personal Communications Service system.

(b) User transceivers. Individual user transceivers will not be licensed. Service
vendors may file blanket aPJ?lications for transceiver units using FCC Form 493 and
specifying the number of unlts to be covered by the blanket license. FCC Form 430 should
be submitted if not already on file in conjunction with other facilities licensed under
this su~rt. Each application must show· that its user transceiver units will corrpl¥ with
the technical parameters of the satellite system(s) with which the units will communlcate.

(c) Permissible commmications. Stations in these bands shall not be limited in the
provision of personal and mobile and radiodetermination satellite communications services,
and shall be permitted to provide such services in the air and over land and water.

(d) Fre~ency assignment policies. Each satellite system authorized under this section
will be asslgned the entire allocated frequency bands on a non-exclusive basis.
Coordination procedures and power limits as set forth in subsections (e) and (f) below
shall be employed to avoid harmful interference with other satellite systems in these
bands.

(e) Mobile Satellite and Hybrid Personal Communications Services satellite system
coordination procedures.

(1) Licensees shall coordinate with other licensees to avoid harmful interference to
Mobile Satellite and Hybrid Personal Communications Services satellite systems in these
bands. During the coordination processes, licensees Shall exchange relevant information
and interference calculations, subject to appr~riate confidentialit¥ arrangements, and
shall meet as necessary to negotiate in good falth to resolve potentlal interference
problems. Coordination hereunder shall be a continuous process, taking into account
changes in system parameters, traffic configuration, and other relevant factors. Existing
HPCS/MSS licensees shall coordinate with new HPCS/MSS licensees as authorized by the
Commission, and in the absence of agreement, the Default Values specified as follows [See,
Appendix B to this Amended Petition) sr~ll apply.

(2) Technical coordination in these bands is based on the equitable allocation of
interference noise among systems sharing these bands.

(3) coordination agreements would ti'Pically be based on mutually agreed values of the
following parameters of each system operating in the band:

(i) The maximum value of the downlink PFD at any point in the service area per
system, averaged over an appropriate period of time. Polarization effects shall be
considered when calculating the maximum PFD;

(ii) The maximum aggregate EIRP density simultaneously radiated by all user
terminals for a single system within a defined a;rgregating area of the order of a
minimal space cell size an¥Where within the Contlnental United States averaged over
an appropriate period of tlme;

A-3



(iii) polarization;

(iv) Frequency plans;

(v) Code structures and associated cross correlation properties;

(vi) Antenna beam patterns; and

(vii) Signal burst structures.

(4) In the absence of mutual agreement during the coordination process referenced
above, the operations of HPCS/MSS satellite systems-licensed under this section will be
limited to the default values of maximum downlink PFD spectral density and maximum EIRP
areal spectral density established by the Comnission and set forth [see, Appendix B to this
.Amended Petition], recognizing that such values may be subsequently modified by cormci.ssion
order.

Amend Section 25.202 (f) by inserting the following in the introductory
paragraph:

(f) Emission limitations. Except as specified in subsections (g) and (h), the mean
power of emissions shall be attenuated below the mean output power of the
transmitter in accordance with the following schedule:

Amend Section 25.202 by adding the following new subsection:

(g)

(1)

(2)

(3 )

(4)

(5)

(6)

Emission limitations in the 1970-1990 MHz band, Earth stations. The mean power of
emissions shall be attenuated below an amount equal to the mean output power of the
transmitter times the fraction, 4 kHz divided by the authorized bandwidth, in
accordance with the following schedule:

In any 4 kHz band, the center frequency of which is removed from the assi~ed
frequency by more than 50 percent (but at least 2.0 kHz) up to and including 150
percent of the authorized bandwidth: 26dB;

In any 4 kHz band, the center frequency of which is removed from the assigned
frequency by more than 150 percent up to and including 250 percent of the authorized
bandwidth: 38 dB;

In any 4 kHz band, the center frequency of which is removed from the assigned
frequency by more than 250 percent of the authorized bandwidth: 45 dB;

In any event, when an emission outside of the authorized bandwidth causes harmful
interference, the commission may, at its discretion, require ~eater atta~uation
than specified in paragraphs (g) (1), (2) and (3) of this sectlon.

For the puxposes of paragraph (g), the authorized bandwidth is the larger of the
occupied bandwidth (the 99 percent power bandwidth) or the necessary band-width of
the transmitted signal.

Upon a showing that the operation of the statiop will not cause harmful interference
to other systems or services or that the out-of-band PFD is below coordination and
interference values, the limits of Sections (g) (1), (2) and (3) of this Section
shall not apply.

Amend Section 25.202 by redesignating current subsection (h) as (i) and adding
the following new subsection:

(h)

(1)

(2)

(3)

Emission limitations in the 1970-1990 MHz and 2160-2180 MHz bands, space stations.
The mean power of emissions shall be attenuated below an amount equal to the
maximum for any center frequency of the in-band mean power measured in a t, kHz
bandwidth in accordance with the following schedule:

In any 4 kHz band, the center frequency of which is removed from the assi~ed
frequency by more than 50 percent (but at least :2.0 kHz) up to and including 150
percent of the authorized bandwidth: 25 dB;

In any 4 kHz band, the center frequency of which is removed from the assigned
frequency by more than 150 percent up to and including 300 percent of the authorized
bandwidth: 35 dB;

In any 4 kHz band, the center frequency of which is removed from the assigned

A-4



(4)

(5)

(6)

frequency by more than 300 percent of the authorized bandwidth: 43 dB;

In any event, when an emission outside of the authorized bandwidth causes ha-'1lIful
interference, the CClllmission may, at its discretion, re9Uire greater atte::~tion
than spe~ified in paragraphs (h) (1), (2), and (3) of th1S section.

For the purposes of paragraph (h) the authorized bandwidth is the larger 0: the
occupied bandwidth (the 99 percent power bandwidth) or the neCeSSArf band'.."'idth of
the transmitted signal.

upon a showing that the operation of the station will not cause harmful in:erference
to other systems or services or that the outO-of-band PFD is below coordina:ion and
interference values, the limits of Sections (g) (1), (2) and (3) of this Se~tion

shall not apply.

* * * * *
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APPENDIX B
DEFAIJLT SHARING CONTROL VAlDES

Uplink and Downlink power control values (limits) are essential to endure
equitable full band sharing among diverse HPCS or MSS systems. They serve a
function in the mobile satellite service entirely analogous to that of EIRP
limits in other radio services, namely, to preclude ccmpetitive power escalation
wars which are generally inevitable without such limits.

In principle, such values could be incorporated in either the FCC rules or in the
irrp~ementing regulations. CELSAT subscribes generally to the latter, as
affording scme additional flexibility for constro.ctive negotiations arnc:::Ing
ccxnpetitors which may lead to mutually more beneficial limits. Accordingly, the
following are presented as default values which would take effect in the event
of failure of mutually agreed voluntary negotiated coordination under amended
Section 25.114 (e) (3) (~), as set forth in Appendix A hereto. These values are
similar in intent to those put forth by the MSS,ACl.

1. IJow.rl1i.IJk PFD
Default downlink band sharing power limits are specified in tenns of a maximum
value, p, dBW/mA 2/4kHz, of the ground level power flux spectral density frcm all
satellites of any one system at any point in CONUS. The default maxJ.rm.Im value
of p shall be given by:

~ = -139 dBW/mA 2/4kHz at 2170 MHz.

If future considerations should require the aJ?Plication of this value at other
than 2170 Mhz, the following scaling law appl~es:

~ = -139.0 +20 log (f/fo ) (dBW/mA 2/4kHz)

\\here f ;;:: downlink carrier band center frequency, MHz and f o = 2170 MHz.

To accmmt for the randcm variations of p due to instantaneous voice activity
factor and power control, ccmpliance is defined in tenns of a measured avera5:Ting
over 1 second, v.hich shall not exceed a value 2 dE greater than the above l~mit
by more than ten percent of the time.

2. Uplink EIRPD.
Default uplink J;>OWer sharing limits are specified in tenns. of a maximum. value,
S of the effect~ve isotropic radiated power (EIRP) spectral density, emanating
frcm all the subscriber units of anyone system, sumned over a defJ.ned area, A
= 25, 000 sq mi, anywhere within CONUS. The default maximum value shall be:

S~a -16.1 dEW/4kHz summed over 25,000 sq mi at 1980 MHz.

For fundamental reasons of equity, the sunming area, A should be no larger than
the area of the smallest sharing beam footprint size. If future considerations
should require application of the above criterion at other sumning areas or
frequencies the following scaling law applies:

S~= -16.1 +20 log (f/fo ) +20 log(A/~) (dBW/4 kHz) summed over area A at
frequency f.

To account for the randcm variations due to power control and voice activity,
ccmpliance shall be defined in tenns of a measured average over one second,
which average shall not exceed 2 dB greater than the above maximum value, by
more than ten percent of the time.

* * * * *

"Report of the MSS Above 1 GHz Negotiated Rulemaking Corrmittee", Attachment
1, Majority Report, at page 12, Armex 2.1, "Default Coordination Values".
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APPENDIX C

SYSTEM CAPACITY AND SPECTRAL EFFICIENCY COMPARISON

The MSS Advisory Corrrnittee Negotiated Rulemaking Proceedings (MSSAC)
provided an occasion to compare the capacity and spectral utilization efficiency of
all current big LEO and GEO MSS proposers under _comparable terms, and under the
strict review of the entire ccmmmity. The Comparative results are surrmarized in
Table C-1 here from the Majority Report. 1 This surrmarizes the capacity detennining
design parameters for the various systems as modified (except for CELSA'rl) during
the MSSAC proceedings, and the resulting capacity as calculated by the committee.
These results show CELSAT with a "MaxiTm.lffi Realizable Capacity" (the bottom line)
approximately 4 times at 62,000 + CONUS circuits. This is almost identical to
CELSAT I S capacity statement for this case.

However, CEISAT believes that all the other parties have seriously
understated or miscalculated one essential parameter in this calculation, the
"Average Beam Overlap factor, (BOP) with values of 1. a to 1.25 dB, as compared to
3 .8 dB for CELSAT, resulting in an exaggerated statement of their MaxiTm.lffi Realizable
Capacities by a factor of about 2 or 3 to 1.

BOF is defined as the ratio in dB, of the average power over all users,
of the self- interference from other users of the system in the same plus all other
beams to that from users in the same beam only. This calculation involves an
integration of the co-frequency spillover power from all other beams and for useful
accuracy, we find, must be carried out to least three to five beam radii out from
the effected beam, in all directions. CElSAT is confident that its calculated value
of this parameter is correct for its beam shapes. Furthermore, for fundamental
reasons, any multi-beam system, having beam sizes about as small as can be supported
by the system antenna aperture (i. e. diffraction limited), will necessarily have
about the same beam sr.apes, and therefor very nearly the same beam overlap factor 
- unless the system avoids interference from adjacent beams by using a cluster size
greater than 1. A possible partial explanation of the anomaly is that several of
the systems did indeed have cluster sizes greater than 1 prior to the redesigns that
occurred in and as a result of these proceedings (See I.D. 5 supra.), and the beam
overlap factors presented in this cha-rt may reflect an uncorrected hangover from
prior designs using higher cluster nurrbers.

If this presumption is correct, then the relative capacity and spectral
efficiency are more accurately reflected by the "Maximum Idealized Capacity" ratios
(next to bottom line), in which CEISlU affords a capacity and spectral efficiency
about ten times that of the nearest ccmpeting system design. This conclusiun is
further reinforced by the comparison of designers claims prior to these proceedings.

'* '* '* '* '*

Final Report of the Majority of the Active Participants of It«;-l to
Above 1 GHz Negotiated Rulemaking ComnUttee, April 6, 1993, Table on p.5-5.

2 See, Id., Section 1.0.5.



Using the equations given in section 5.1.2.2 above, the maximum ideal downlink
capacity, CM1D, a(1d the maximum realizable downlink capacity, Ct.cRO, for the CDMA
applicants' (and Celsat's) systems have been calculated, using current input data
provided by the proponents of the systems. This analysis does not take account of the .
use of orthogonal COMA, and assumes that all received PFD acts as interference. The
input data and results are given in Table 1 below.

I)'SIMI ,.,..".., u." AIIeC ~.... 9IIMt GWllIII.r ~ c-.c
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5.1.3.1 IndivldWlI System Capacities

APPENDIX C-l
(Text Ref. APPENDIX Bl)

Note 2:

Note 1:

Tablt 1 ldgwn/lnk) ..

It is not intended to operate the systems at theN maximum ....Iiz.bfe downlink C&PIICitY
limits. Satellite power Ie.....l constraints wm dictate the individual I)'Item power Ie...... and
corresponding capacities.
Motorola belie..... that cert.ain values for some of the parameters in Table 1 r-...d to be
adjusted to rel'lect what it coruiders should be uJed to openrte in reel world conditions,
and tnen!lfo re can not ag.... with the capecity numbers cajcul.8ted in the table. See
Note below. .

Using equation (5) from section 5.1.2.2 above, the realizable downlink capacity
of the systems, when operating both in isolation and in the presence of other interfering
systems, has been calculated, and the results are given in Figures 1 to 6 below. Four
curves are given for each system, as foliows:

(a) 'No interferer": Assumes that the wanted system only
experiences self-interfe~nce(i.e., no orthogonal COMA advantage assumed).

(b) 'Interferer =Noise -;3 dB": The wanted system experiences both self
interference and an 1nterfering PFD from other systems which is of a magnitude
that is 3 dB below the thermal noise level (PrJd- 3dB).

(c) 'Interferer = Noise": The wanted system experiences both Mlf
interference and an interfering PFD from other systems which is of 8 magnitude
that is equal to the thermal noise level (PT-.::U.

(d) 'Interferer =Noise + 3 dB": The wanted system experiences both self
interference and an interfering PFD from other systems which is of 8 magnitude
that is 3 dB above the thermal noise level (PrJd + 3dB).

NOTE: Motorola's analysis is reflected in the work
of Dr. Peter Monsen dated March 24, 1993.
It is assumed that Motorola will include
this docunent in its minority report.
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APPENDIX D
SYSTEM INVARIANT MSS UPLINK AND DOWNLINK SHARING CRITERIA

[The following paper, substantially as su1:Jni tted by CELSAT to MSSAC as
proceedings paper J:r>K;1-68, and adopted in the majority report as Annex
5.1, sets forth the theoretical foundation of equitable CDMA uplink and
downlink band sharing, between diverse MSS systems having different
satellite antenna sizes and altitudes.]

IWGl-68
SYSTEM INVARIANT MSS UPLINK AND

DCMNLINK SHARING CRITERIA

By: Dr. Albert J. Mallinckrodt
CELSAT, INC.

March 8, 1993

This note provides the fundamental technical basis for criteria to control downlink:
and uplink full band sharing, equitably for all systems with single number criteria,
independent of satellite altitude and satellite antenna gain.

The Need for Sharing Criteria:
In MSS spread spectrum full band sharing applications more power for one system
always means more circuit capacity for that system and less for the other sharing
~tems. In view of this fact of life, sane type of individual system up- and down
link power regulation appears to be necessary as a basis for equitable sharing.
These regulations should, insofar as possible have the following properties:

1. Serve to limit system power level escalation.

2. Be easily defined and administered.

3. ~ly equitably to systems having widely varying design
d~fferences such as satellite altitude and an~enna gain.

4. Quantitative levels based upon invariant fundamental principles
having some promise of pernanence in the face of changing state
of the art.

This appendix shows that the ground level Power Flux Spectral Density per system for
the down-links, and the area Aggregate EIRP Spectral Density per system for the up
links, both possess these fundamental properties including essential independence
of satellite altitude and gain.

Down-links
For space to earth downlinks, the PFD density criterion, (W!mA 2!Hz in basic units)
is such a fundamental criterion. That it applies equitably, independent of
satellite altitude and gain is self-evident. A victim receiver doesn't care where
the interference carre from, only its signal strength or flux density. And all MSS
systems suffer essentially equally from a given level of interference measured in
terms of PFD. For near omnidirectional subscriber unit antennas, prescribing PFD
is equivalent to prescribing an interference spectral density at the receiver input1

which may be related directly to receiver thermal noise. It has been shown several

Power or power density levels at the receiver input referred to
herein are in terms of "available power", that is available into a matched load.



times in these proceedings that the power efficiency (circuits per watt) and the
spectral efficiency' (circuits per MHz) of an MSS band sharing system, depend on the
ratio, r, of total (including self-) interference spectral density to fundamental
receiver noise spectral density. When that ratio is very small the bandwidth
spectral efficiency is poor; when the ratio is large, power efficiency suffers as
well as the general interference level to other services. A design optimum usually
occurs about the knee of the cw:ve where interference spectral density equals noise
spectral density. For S-band and typical subscriber unit G/T of about -24 dB/K this
occurs at a PFD of -139.2 dBW/mA 2/4kHz. Thus even without PFD limits, the
individual systems in atte~ting to optimize their capacity and efficiency end up
with PFDs in a remarkably srrall range about -13 9. PFD is a fundamental and

equitable sharing criterion for down-links. We propose a nominal system PFD limit
defined at -139 dBW/I'l'f. Four such limiting power sharers would each suffer a
reduction of nominal non-shared capacity by a factor of about 2/5.
These considerations lead to the following proposed recorrmendation for regulations:

The ground incident power-flux density spect:rum originating from
all the satellites of any single licensee at any point in the
United States shall not exceed -139 dEW/ITt/4kHz.

Uplinks

For the uplinks it may not be quite so obvious that the uplink EIRP areal-spectral
Density plays an exactly similar fundamental regulatory role. Interestingly, it
also has the same fundamental units as PFD, W/m.....2/Hz. This is analogous to the
brightness of an extended optical source. Specifying the EIRP areal-spectral
density determines the absolute available interference power spectral density, 10,

at the satellite receiver input independent of satellite altitude or antenna gain
or waveform details and dependent only on wavelength. This comes about as follows:

For a satellite antenna viewing the earth, that is without significant sidebands off
the earth nor significant atmospheric absorption, the effective antenna noise, is
simply T. , the effective temperature of the earth with which the antenna is in
radiative equilibrium. The available noise power spectral density, 10, at the
receiver input is then kT., W/Hz. If the satellite receiver has a good low noise
amplifier, this then is the fundamental system noise limit which determines the
minimum power for uplinks. Notice that it is independent of satellite altitude and
antenna gain.

Now consider the interference. For the time being we approxirrate a uniform
distribution of point emitters as an areal density of uniform brightness, e,
W/m.....2/Hz, like a uniformly bright extended optical source. The satellite antenna
gathers in the total radiation from an area equal to its effective beam footprint
on the earth. By the definition of gain, the footprint subtends an effective solid
angle of 41t/G, and therefor, an area on the surface of the earth, At. ,

where At. = 4~2/G,

where R is the earth-satellite distance,

D-2



and G the satellite antenna gain.
The total effective isotropic interference power spectral density, ~, radiated fran
within the footprint is then

Finally, the available interference power spectral density at the satellite receiver
front end, I. is just this total radiated power, times the transmission loss
including free space loss and antenna gain,

or:

I. = E Ja! 41t

i 9760 l=0 872tal1287al



input equal to the antenna noise due to the assumed 290 K earth radiation. In other

words,
0.00276 em = 290 k

or:
(using k= 1.380E-23 W/Hz/Kl

em = -178.4 dBW/mA 2/Hz ,
again independent of satellite characteristics.

The significance of the interference is thus completely characterized for any MSS
satellite at any altitude by the ratio e / e290 , independent of satellite altitude
or gain.

Practical UPlink Sharing Criteria
Table 1 gives calculations of system area aggregate EIRP density for the various
current COMA system designs, based upon the quantities in the first four columns:

Single user average EIRP
Spread bandwidth per user, i. e . per one segment.
N\.n'nber of segments.
Claimed number of US users at orbital epoch peak.

The deduced brightness is given in the last two colurms in fundamental and practical
unks. It will be noted that the various designs show a consensus concentration at
about -162 to -166 dBW/nT/Hz. This is twelve to sixteen dB higher than the
reference thermal value, -178.2 derived above. The reason is believed to be two
fold:

1. Allowance of an effective earth noise terrperature well above 290 deg to
provide for other in-band man-made interference sources, and

2. power has not been as critical a concern on the uplinks as on the down,
so that designers have set the uplink operating point at a fairly hi~h point
on the S-curve, at the expense of power efficiency, in order to prov~de very
high operating margins as compared to the down-link.

It would not be appear wise to flaunt this design consensus. Accordingly, as a
default value, subject to renegotiation by the parties at interest, we propose a
limit of -162 dBW/mA 2/Hz.
An EIRP areal-spectral density limit is thus a sufficient condition for satisfactory
sharing. It is not a necessary condition however. It is not necessary that the
EIRP density be absolutely uniform as assumed in the derivation. An EIRP sw:plus
in one part of a cell or beam can be traded off against a deficit in another part,
without harm to another MSS band-sharing system, provided that the trade takes place
wi thin a cell or beam footprint of the potential victim. So long as this is the
case, any MSS sharer can count on a predictable maximum aggregate EIRP within any
of his beams.

Thus, in order that all providers can be protected and still provide maximum
flexibility for geographical load shifting it is sufficient to irrpose a maximum
aggregate EIRP defined on an area, 1\, equal to or somewhat smaller than the
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smallest system beam footprint. In view of current, proposed, and near term
potential system designs it is suggested that the SPecified aggregating area, 1\
should be no larger than about 100 x 100 statute miles (mi).

There is another important reason that may call for an even smaller aggregating
area. MSS is viewed ideally as a complement and not a competitor to terrestrial
cellular systems. But if aggregating areas are set too large, there could develop
a tendency to pile on subscribers in more lucrative metropolitan areas in
competition rather than complementation to the ground cellular service. In the long
run such a development would be to the detriment of the ability to support a
ubiquitous coverage MSS service.

Based uPon these considerations, and the value of -162 dB in fundamental units as
derived above, we propose a default uplink Aggregate EIRP Density sharing criterion
about:

AEIRPDmax -162 dBW/I'l't/Hz
= -21.7 dBW/4kHz

The uplink sharing criterion must also take account of the fact that, under largely
autonomous power control by the subscriber units, the hub station does not have
short term control of the power level nor voice activity, so that, from the point
of view of the hub, the instantaneous aggregate uplink EIRP must be regarded as an

exogenous random variable, the peak value of which could easily be as rmlch as 20 to
30 dB above average but with almost vanishing probability. Accordingly, we would
propose that such limit be imposed with an exceedance probability less than one h~

10
A

3 when measured with an averaging time of 100 milliseconds. It is not implied
or expected that this criterion would be literally measured, but each system should
continuously compute and log it for each beam, based upon measured mean values and
known fluctuation statistics of the individual unit EIRPs.

The above considerations lead to an uplink sharing criterion stated sorrewhat as
follows:

The aggregate uplink EIRP spectral densi ty per system summed over an area of
10,000 sqmi at anYj?,lace, shall not exceed -21.7 dEW/4kHz with a probability
of greater than 10' when averaged over 100 IDS.

SUIlIlIa%Y

With these two defined limits:

1. For Downlinks: PFD s~ectral density,
less than -139 dBW/m 2/4kHz per system; and

D-5



, .

2. For UPlinks: Aggregate EIRP spectral density, less than -21.7 dBW/Hz
per system, summed over 10,000 sq mi,

the principle power allocation regulations that will be essential for full band
sharing are stated in a manner that is equitable to all sharers, indifferent to
satellite altitude and antenna gain. The values given are near fundamental limits
such as kTo, but slightly modified therefrom by design consensus of the values
needed for practical MSS system design.

* * * * *
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